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(57) ABSTRACT

A method includes providing an exhaust stream for an inter-
nal combustion engine, where the exhaust stream is fluidly
coupled to an aftertreatment component. The method
includes optically determining an amount of an exhaust gas
constituent in the exhaust stream. The method further
includes modifying a model stored on a computer readable
medium in response to the amount of the exhaust gas con-
stituent. The model is an engine NO, generation model, a
catalyst NO, storage model, a catalyst NO_ conversion model,
acatalyst NO to NO, conversion model, a catalyst conversion
efficiency model, an engine soot generation model, and/or a
urea hydrolysis model.
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APPARATUS, SYSTEM, AND METHOD FOR
AFTERTREATMENT CONTROL AND
DIAGNOSTICS

RELATED APPLICATION

The present application is a continuation of U.S. patent
application Ser. No. 12/610,830 filed on Nov. 2, 2009, now
U.S. Pat. No. 8,223,337, which claims the benefit of U.S.
Provisional Patent Application No. 61/197,897 and U.S. Pro-
visional Patent Application No. 61/197,898 both filed on Oct.
31, 2008, each of which are hereby incorporated by reference
in the entirety for all purposes.

BACKGROUND

Reliably monitoring exhaust gas constituents related to
aftertreatment systems for internal combustion engines pre-
sents several challenges. Frequently, exhaust environments
operate at very high temperatures that preclude use of many
standard sensor types. Further, engine combustion constitu-
ents typically include soot and unburned hydrocarbons that
can hamper operation of various sensing technologies.
Present sensing technologies cannot detect various constitu-
ents of the exhaust gas and survive the exhaust environment.
Various aftertreatment systems and technologies for internal
combustion engines experience wear, failure, and operational
variability that affect the final emissions of the engine-after-
treatment system. Presently available sensing technologies
have very limited feedback for aftertreatment systems, mak-
ing control and diagnostics for aftertreatment systems diffi-
cult. Thus, there is an ongoing demand for further contribu-
tions in this area.

SUMMARY

One embodiment is a unique method for determining an
aftertreatment component performance in response to an
optically determined exhaust gas constituent amount, and
modifying and engine operating parameter in response to the
aftertreatment component performance. Further embodi-
ments, forms, objects, features, advantages, aspects, and ben-
efits shall become apparent from the following description
and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a system for detecting
engine fluid constituents.

FIG. 2 is a schematic illustration of an device for detecting
engine fluid constituents.

FIG. 3 is a schematic diagram of a controller structured to
determine a concentration of a component of interest.

FIG. 4 is an illustration of a constituent wavelength
response.

FIG. 5 is a schematic flow diagram of a procedure for
determining a concentration of a component of interest.

FIG. 6 is a schematic flow diagram of a procedure for
designing an apparatus for determining a concentration of a
component of interest.

FIG. 7 is a schematic flow diagram of a procedure for
replacing an apparatus for determining a concentration of a
component of interest.

FIG. 8 is a schematic flow diagram of a procedure for
determining a plurality of fluid indices.

FIG. 9A is a schematic diagram of an apparatus for clean-
ing an optical element.
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FIG. 9B is a schematic diagram of an apparatus for clean-
ing an optical element.

FIG. 9C is a schematic diagram of an apparatus for clean-
ing an optical element.

FIG. 10 is a schematic diagram of a system for determining
a component performance and adjusting an engine operating
parameter.

FIG. 11 is a schematic diagram of a component perfor-
mance controller.

FIG. 12 is a schematic flow diagram of a technique for
diagnosing a component.

FIG. 13 is a schematic diagram of an apparatus to deter-
mine an exhaust gas constituent at spatially divided portions
of an exhaust stream.

FIG. 14 is a schematic diagram of another apparatus to
determine an exhaust gas constituent at spatially divided por-
tions of the exhaust stream.

FIG. 15 is a schematic flow diagram of a technique for
modifying amodel in response to an amount of an exhaust gas
constituent.

DESCRIPTION OF THE ILLUSTRATIVE
EMBODIMENTS

For the purposes of promoting an understanding of the
principles of the invention, reference will now be made to the
embodiments illustrated in the drawings and specific lan-
guage will be used to describe the same. It will nevertheless
be understood that no limitation of the scope of the invention
is thereby intended, any alterations and further modifications
in the illustrated embodiments, and any further applications
of the principles of the invention as illustrated therein as
would normally occur to one skilled in the art to which the
invention relates are contemplated and protected.

FIG. 10 is a schematic diagram of a system 1000 for deter-
mining a component performance and adjusting an engine
operating parameter. The system includes an internal com-
bustion engine 1002 producing an exhaust stream 1004 and
having aftertreatment components 1006, 1008. The exem-
plary system 1000 includes a turbocharger 1014 and an
exhaust gas recirculation (EGR) stream 1020 with an EGR
valve 1022 that controls a flow rate of EGR. The system 1000
includes an intake stream 1018 for the internal combustion
engine 1002. The system includes an injector 1010 that
injects a reductant and/or reagent into the exhaust stream
1004, and a reductant (or reagent) storage vessel 1012. The
storage vessel 1012 may be a urea storage vessel, a fuel tank
of a vehicle wherein the internal combustion engine 1002 is
installed, or any other vessel having a reductant (or reagent)
known in the art.

The system 1000 includes a component performance con-
troller 1024 in communication with one or more optical sen-
sors 1016 to determine an amount of an exhaust gas constitu-
ent. Optical sensors 1016, as used herein, indicate any sensor
utilizing electromagnetic waves in the infrared, visible, and
ultraviolet frequency ranges of electromagnetic radiation.
The placement of optical sensors 1016 is exemplary, and an
optical sensor 1016 may be positioned anywhere within the
system wherein an exhaust gas constituent determination is to
be made. The amount of the exhaust gas constituent may be
described as a fraction, percentage, concentration, or absolute
mass of the constituent as understood in the art. The compo-
nent performance controller 1024 may be in communication
with any component of the system, and may further be an
aftertreatment controller and/or the engine controller. The
component performance controller 1024 may be a single
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controller, a plurality of distributed controllers, and may have
certain functionality implemented in hardware, software, or
both.

FIG. 11 is a schematic diagram of an apparatus 1100
including a component performance controller 1024. The
apparatus 1100 a performance analysis module 1102 that
determines a component performance description 1108 in
response to an amount of the exhaust gas constituent 1106
determined with an optical sensor 1016. The performance
feedback module 1104 provides an engine parameter adjust-
ment 1110 in response to the component performance
description 1108. In certain embodiments, the component
performance description 1108 is a functional performance
description of a physical component 1116. For example, the
physical component may be a NO, adsorption catalyst, a NO,
conversion catalyst, an NO—NO, conversion catalyst, an
oxidation catalyst, a soot filter, and/or a reductant injector.
Non-limiting examples of the functional performance
description of the physical component 1116 include a catalyst
conversion efficiency value, a catalyst storage capacity value,
a filter integrity value, and/or an injection compliance value.

In certain embodiments, the component performance
description 1108 is a functional performance description of a
model 1118, and the performance feedback module 1104
adjusts an engine operating parameter by providing a model
modification 1112. Non-limiting examples of a model
include an engine-out soot model, an engine-out NO, model,
an engine-out NO, composition model, a NO, adsorption
model, a NO_ release model, a NO, conversion model, a
hydrocarbon oxidation model, an ammonia slip model, an
unburned hydrocarbon slip model, an ammonia:NO, ratio
model, and/or a urea hydrolysis model.

An exemplary embodiment includes the amount of the
exhaust gas constituent 1106 as an amount of ammonia and an
amount of NO,, the component performance description
1108 as an ammonia:NO, ratio, and the engine parameter
adjustment 1110 as a urea injection rate.

Another exemplary embodiment includes the performance
analysis module 1102 determining the amount of the exhaust
gas constituent 1106, determining the component perfor-
mance description 1108 as a functionality of an aftertreat-
ment component in response to the amount of the exhaust gas
constituent 1106, and the performance feedback module
1104 providing a diagnostic output 1114 in response to the
component performance description 1108. The diagnostic
output 1114 can be any value indicating the compliance or
non-compliance of an aftertreatment component, and may be
used by an engine controller to set a malfunction indicator
lamp (either ON or OFF), to set a maintenance lamp, to adjust
engine controls, to store or clear a fault value, to increment or
decrement a fault counter, to trigger additional fault checking
or testing, and/or for any other purpose understood in the art.

FIG. 12 is a schematic flow diagram of a technique 1200 for
diagnosing a component. The technique 1200 includes an
operation 1202 to provide an exhaust stream for an internal
combustion engine, the exhaust stream fluidly coupled to an
aftertreatment component. The technique 1200 further
includes an operation 1204 to optically determine an amount
of an exhaust gas constituent in the exhaust stream, and an
operation to diagnose an aftertreatment component in
response to the amount of the exhaust gas constituent.

Various non-limiting examples of diagnosing an aftertreat-
ment component in response to the amount of the exhaust gas
constituent are described herein. One example is an operation
1206 to determine a catalyst effectiveness in response to the
amount of the exhaust gas constituent. The catalyst effective-
ness may be a catalyst adsorption effectiveness, a catalyst
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storage amount, and/or catalyst conversion effectiveness. The
catalyst may be an oxidation catalyst, a NO, adsorption cata-
lyst, a NO, conversion catalyst (e.g. lean NO, or selective
catalytic reduction), an NO—NO, conversion catalyst (a type
of oxidation catalyst), or a catalyzed soot filter.

Another example is an operation 1208 to determine
whether a soot filter has failed. In one example, the operation
1208 includes determining a soot amount and size down-
stream of a soot filter, and determining the soot filter has
failed if a soot amount or size exceeds a threshold value. In
certain embodiments, the operation 1208 includes determin-
ing a source of the soot in response to the size of the soot, for
example determining whether the soot is normal soot indicat-
ing a normal combustion operation, or abnormally sized soot
consistent with an exhaust gas recirculation failure, a com-
bustion event failure, a fuel injector failure, an injector 1010
failure where the injector places unburned hydrocarbons in
the exhaust stream 1004, and/or a failure of an oxidation
catalyst 1006. One of skill in the art can simulate the failures
that are to be detected and determine the associated soot size
profile as a matter of straightforward data collection.

Another example is an operation 1210 to determine an
injector compliance. The injector may inject a reductant or a
reagent, and the technique 1200 includes the operation 1210
to determine whether the injector is injecting the scheduled
amount, is injecting with an appropriate response time, and/or
is injecting with an appropriate geometric distribution in the
exhaust stream. In a further embodiment, the technique 1200
includes determining whether the composition of the injected
material, e.g. urea, is compliant with expectations, regula-
tions, and/or the system design. For example, the technique
1200 can be utilized to determine whether a reductant vessel
has been filled with water rather than urea.

FIG. 15 is a schematic flow diagram of a technique 1500 for
modifying amodel in response to an amount of an exhaust gas
constituent. The technique 1500 includes an operation 1502
to provide an exhaust stream for an internal combustion
engine, where the exhaust stream is fluidly coupled to an
aftertreatment component. The technique 1500 further
includes an operation 1504 to optically determine an amount
of an exhaust gas constituent in the exhaust stream, and an
operation to modify a model stored on a computer readable
medium in response to the amount of the exhaust gas con-
stituent.

Various exemplary and non-limiting operations to modify
a model in response to the amount of the exhaust gas con-
stituent are described herein. The modification to the model
can include calibrating a modeling parameter, resetting a
modeling parameter, and/or resetting an integrator within the
model. A modification operation includes the operation 1504
determining an amount of soot and/or NO, in the exhaust
stream, and an operation 1506 to calibrate an engine soot
generation and/or an engine NO, generation model in
response to the determined amount of soot and/or NO,. The
operation 1504 to determine the amount of NO, may include
determining an amount of NO, and an amount of NO,, where
the engine NO, generation model may include modeling the
amount of NO and the amount of NO, separately, and/or
modeling a bulk NO, output of the engine. Various soot and
NO, estimators are known in the art that can benefit from
real-time calibration.

Another modification operation includes the operation
1504 determining an amount of NO,, where the amount of
NO, is determined after a NO, -affecting catalyst and poten-
tially before the NO,-affecting catalyst. The modification
operation includes an operation 1508 to modifying a catalyst
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NO, storage model, to modify a catalyst NO, conversion
model, and/or to modify a catalyst NO to NO, conversion
model.

The operation 1508 to modify the catalyst NO, storage
model includes determining an actual storage rate based on
the observed amounts of NO, versus the expected NO,, and
can include operations such as determining a present storage
rate, a total amount of NO, stored, a total amount of NO,
released, and/or a present release rate of NO_. Models to
estimate NO, storage and release are known in the art and can
be calibrated based upon NO_ determinations from a respon-
sive optical sensor that differentiates, for example, NO, from
NH; (ammonia).

The operation 1508 to modify the catalyst NO, conversion
model includes determining an actual conversion rate based
upon the observed amounts of NO, versus the expected NO,_,
and potentially further based upon an amount of NH; and/or
an NH;:NO, ratio at aNO, conversion catalyst. The operation
1508 to modify the catalyst NO to NO, conversion model
includes determining an actual conversion rate based upon
the observed amounts of NO and NO, versus the expected
amounts of NO and NO,. The upstream amounts of NO and
NO, may be measured or estimated (based upon the charac-
teristics of the engine, for example) and the downstream
amounts of NO and NO, are measured.

The technique 1500 includes an operation 1510 to deter-
mine the exhaust gas constituent at spatially divided portions
of'the exhaust stream. Referencing FIG. 13, a cross-section of
an exhaust pipe 1302 having an exhaust stream 1004 is
shown. A number of optical sensors 1016a, 10165, 1016¢
determine an exhaust gas constituent at a number of spatially
divided portions of the exhaust stream 1004. The optical
sensors 10164, 10165, 1016¢ may be in any configuration to
determine the exhaust gas constituent at any position of inter-
est in the exhaust stream 1004. The use of various optical
sensors 1016a, 10165, 1016¢ distributed spatially around the
exhaust stream 1004 allows determination of phenomenon
such as mal-distribution of a constituent (e.g. an injected
constituent that does not distribute completely around the
exhaust stream 1004), puddling of a constituent, and/or accu-
mulation of a constituent.

Referencing FIG. 14, a number of optical sensors 10164,
1016e, 1016/ determine an exhaust gas constituent at a num-
ber of spatially divided portions of the exhaust stream 1004.
The optical sensors 10164, 1016, 1016/ may be in any con-
figuration to determine the exhaust gas constituent at any
position of interest in the exhaust stream 1004. The use of
various optical sensors 10164, 1016e, 1016/ allow determi-
nations of the constituent amount and/or concentration along
the axial trajectory of the exhaust stream 104, and allows
determination of phenomenon such as deposition or reaction
of a constituent in an aftertreatment component, reaction of
the constituent in the exhaust stream 1004 (e.g. hydrolysis of
urea from an injector 1010), and/or removal of a constituent
from the exhaust stream 1004 (e.g. un-evaporated droplets
attaching to a sidewall of the exhaust stream 1004 at a bend).

In a non-limiting example, urea is injected at the injector
1010 and the optical sensors 10164, 1016¢, 1016/ determine
whether the urea hydrolyzes in to ammonia. Where the urea
remains along the exhaust stream 1004, hydrolysis deter-
mined to be ineffective, where the urea is converted along the
exhaust stream 1004, the amount of urea drops and the
amount of ammonia increases and the hydrolysis is deter-
mined to be effective. Where the urea disappears along the
exhaust stream 1004 but ammonia does not appear, it can be
determined that the urea is accumulating along the exhaust
stream 1004, especially where other information indicates
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that urea evaporation and hydrolysis may be marginal (e.g.
where the temperature of the exhaust stream 1004 is low). The
amount ofhydrolysis detected is utilized, in one embodiment,
the technique 1500 includes an operation 1512 to modify a
urea hydrolysis model.

One of skill in the art will understand, based on the disclo-
sures herein, that a combination of radially distributed optical
sensors 10164, 10165, 1016¢ and axially distributed optical
sensors 10164, 1016e, 1016/ can be utilized to develop a
three-dimensional picture of exhaust gas constituent distribu-
tion in the exhaust stream 1004.

The detected exhaust gas constituent is urea, and the
exhaust gas constituent is detected at a plurality of spatially
divided portions of the exhaust stream. The aftertreatment
component diagnosis includes diagnosing a urea accumula-
tion condition, urea mal-distribution condition, a urea injec-
tor failure condition, and/or a urea hydrolysis failure condi-
tion. In certain embodiments, the technique 1500 includes an
operation 1514 to diagnose a reductant injector in response to
the amount of the exhaust gas constituent. In certain embodi-
ments, the aftertreatment component diagnosis includes diag-
nosing a composition sensor by determining an amount of the
exhaust gas constituent measured by the composition sensor
and comparing the reading of the composition sensor to the
determined amount of the exhaust gas constituent. For
example, the composition sensor can include an oxygen sen-
sor and/or a NO, sensor.

Any model calibration or modification operations known
in the art are contemplated herein including at least modify-
ing a model parameter value, selecting a model from a list of
possible models, and/or resetting a model value such as an
integrator. Tuning and modification of models are useful pro-
vide better real-time performance of the models and related
engine and aftertreatment operations, to determine when a
component has degraded or failed, to enhance an On Board
Diagnostic, to allow the engine or an aftertreatment compo-
nent to operate in a more efficient manner and/or to allow the
engine or an aftertreatment component to compensate for an
off-nominal operating condition.

The descriptions which follow, referencing FIGS. 1
through 9, include descriptions of exemplary optical sensors
capable of performing in an internal combustion engine
exhaust environment, including the temperatures, soot, and
other chemical constituents normally found in an engine
exhaust environment.

FIG. 1 is a schematic diagram ofa system 100 for optically
determining fluid constituents in challenging environments,
including a fluid conduit receiving exhaust gas from an inter-
nal combustion engine. In certain embodiments, the system
100 includes an engine 102 having a sample channel (refer to
FIG. 2) comprising a conduit 114 for an engine related fluid.
The conduit 114 in the illustration of FIG. 1 is an EGR
recirculation path, and the engine fluid in the illustration of
FIG. 1 is recirculating exhaust gas flowing in the conduit 114.
In certain embodiments, the conduit 114 may be any conduit
having an engine related fluid therein, including, without
limitation, an exhaust flow path 106, an engine intake path, a
fuel line, a coolant line, a portion of an intake manifold, and
an intake port for an individual cylinder of a multi-cylinder
engine. In certain embodiments, the engine related fluid
includes engine exhaust gas, engine oil, engine coolant, recir-
culating exhaust gas, fuel, engine intake gas, and/or engine
intake gas corresponding to a single cylinder of a multi-
cylinder engine. In certain embodiments, the system further
includes a device 112 for determining a concentration of a
constituent of the engine fluid. Reference FIG. 2 for details of
an exemplary embodiment of the device 112.
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In certain embodiments, the system 100 further includes a
controller 118. The controller 118 is structured to determine a
concentration of a component of interest in the engine related
fluid. The controller 118 includes communications to sensors
and actuators throughout the system 100, and such commu-
nications may be through networks, datalinks, wireless com-
munications, or other communication methods known in the
art. The controller 118 may be a single device or distributed
devices. In certain embodiments, the controller 118 includes
a computer processor and computer readable memory of any
known type. In certain embodiments, the controller 118
includes modules structured to functionally execute proce-
dures performed by the controller. The use of the term mod-
ules emphasizes the implementation independence of the pro-
cedures. Modules may be elements of computer readable
code, and may be grouped, divided, and/or distributed among
various devices comprising the controller 118. Reference
FIG. 3 for details of an exemplary embodiment of the con-
troller 118.

In certain embodiments, the component of interest
includes a nitrogen-oxygen compound, a hydrocarbon, a sul-
fur containing compound, ammonia, a compound represen-
tative of a natural gas content, a carbon-oxygen compound,
and/or an amount of particulates. For example, the compound
of interest in certain embodiments includes methane and
ethane, and the controller 118 calculates a natural gas content
in response to the amount of methane and ethane in the engine
related fluid. In certain embodiments, the component of inter-
est includes methane, ethane, and/or propane. In certain
embodiments, the component includes nitrogen oxide
(N,O,), nitric oxide (NO), nitrogen dioxide (NO,), and/or
nitrous oxide (N,O). In certain embodiments, the component
ofinterest includes carbonyl sulfide (O—C—S), carbon mon-
oxide, and/or carbon dioxide.

In certain embodiments, the component of interest is com-
ponent indicative of engine wear, and the controller 118 is
further structured to determine an engine wear index in
response to the concentration of the component of interest.
For example, the compound of interest may be brass (indica-
tive of wear in certain bearings), iron (indicative of wear in
certain engine blocks), a material known to be in the piston
rings, and/or any other compound that indicates engine wear
in a specific application.

In certain embodiments, the component of interest
includes a component indicative of fuel quality, and the con-
troller 118 is further structured to determine a fuel quality
index in response to the concentration of the component of
interest. For example, the compound of interest may be nitro-
gen which in certain applications is indicative of a filler used
in natural gas fuels. The concentration of nitrogen in the
natural gas, in certain embodiments, can be indicative of the
fuel quality. In another example, the compound of interest
may correspond to an additive, tracer, aromatic compound, or
other compound in the fuel that in specific applications may
be indicative of a quality of the fuel.

In certain embodiments, the engine related fluid includes
engine fuel or engine oil, and the component of interest
includes sulfur or a sulfur compound. In certain embodi-
ments, the amount of sulfur allowed in the engine fuel and/or
engine oil may be regulated, and the controller 118 deter-
mines the concentration of sulfur in the fuel and/or oil to
provide that information to an engine controller (not shown,
but may be included in the controller 118) for appropriate
response.

In certain embodiments, the engine related fluid includes
engine oil, and the component of interest comprises one of
water and ethylene glycol. In certain embodiments, the pres-
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ence of coolant in engine oil may be indicative of certain types
of failure, and the controller 118 determines the concentration
of'sulfur in the fuel and/or oil to provide that information to an
engine controller (not shown, but may be included in the
controller 118) for appropriate response.

In certain embodiments, the engine related fluid includes
engine coolant, the component of interest includes a compo-
nent indicative of engine coolant quality, and the controller
118 is further structured to determine an engine coolant qual-
ity index in response to the concentration of the component of
interest. The engine coolant quality, for example, may be a
description of the water/ethylene glycol ratio, and may be
utilized by the engine controller (not shown, but may be
included in the controller 118), for example in a warranty
assessment after an engine failure.

In certain embodiments, the engine related fluid includes
engine oil, the component of interest includes a component
indicative of engine oil quality, and the controller is further
structured to determine an engine oil quality index in
response to the concentration of the component of interest.
For example, the component of interest may track the present
concentration of an additive in the oil to determine when the
oil should be changed. In another example, the component of
interest may include a compound or group of compounds
from which an API number or other characteristic of the oil
may be determined to evaluate the quality of the oil. In certain
embodiments, the engine related fluid includes a engine oil,
engine fuel, engine coolant, an exhaust gas fluid, a recircu-
lating exhaust gas fluid, and/or an engine intake fluid.

FIG. 2 is a schematic illustration of a device 112 for detect-
ing engine fluid constituents. The device 112 includes an
electromagnetic (EM) source 214 structured to emit EM
radiation through a first metal tube 206. The EM radiation
includes EM energy at a wavelength of interest. In certain
embodiments, the EM energy may be provided by a broad
spectrum EM source (e.g. an incandescent source) and passed
through an interference filter 210 to remove frequencies out-
side the wavelength of interest. In certain embodiments, the
interference filter 210 is a bandpass filter removing frequen-
cies outside a desired range of frequencies. In certain embodi-
ments, the EM source 214 is a laser that emits the EM radia-
tion at a wavelength of interest and may not include an
interference filter 210. In certain embodiments, the EM
source 214 is a tunable laser that emits EM radiation at a
number of frequencies of interest, for example to detect a
number of components of interest. In certain embodiments,
the EM source 214 includes a plurality of source that each
emit a different wavelength, or the EM source 214 may be a
broad spectrum emitter (e.g. the incandescent source), and a
plurality of interference filters 210 allow different wave-
length ranges to the first metal tube 206 at different times to
detect different components of interest.

In certain embodiments the EM source 214 includes at
least one of a laser device, a light emitting diode, and a
gallium arsenide light emitting diode. In certain embodi-
ments, the device 112 includes the interference filter 210
disposed between the EM source 214 and the sample channel
114, with the interference filter 210 including a band pass
filter. In certain embodiments, the first metal tube 206 and the
second metal tube 208 each comprise extruded aluminum,
extruded stainless steel, a polished metal, and/or a machined
metal. The tubes 206, 208 should have sufficient resistance to
temperature and corrosion in the system 100, and have suffi-
cient internal reflectivity to convey the EM radiation to the
sample channel 114 and back from the sample channel 114.

In certain embodiments, the device 112 further includes an
EM detector 212 structured to receive a remainder radiation
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through a second metal tube 208, the remainder radiation
including the remaining EM energy of the EM radiation after
passing through the sample channel 114. In certain embodi-
ments, the second metal tube 208 may be the same physical
tube as the first metal tube 206, for example the EM radiation
may pass through the first metal tube 206, reflect off a mirror
opposing the entrance of the first metal tube 206, and pass
back into the first metal tube 206, which is then acting as the
second metal tube 208, back to the EM detector 212. In
certain embodiments, the EM detector 212 includes a lead
selenide detection device.

In certain embodiments, the device 112 includes a first
window 202 isolating the first metal tube 206 from the sample
channel 114, and a second window 204 isolating the second
metal tube 208 from the sample channel 114. The window
material should be selected to allow sufficient EM energy
through the window 202, 204 at the wavelength of interest
that the EM detector 212 can distinguish the concentration of
the component of interest through the expected operational
range for the component of interest, or the portion of the
expected operational range that is of interest. For example, if
the component of interest is oXygen in an internal combustion
engine application, the expected range may be zero to twenty-
one percent oxygen by mole, or a lower range if, for example,
values above a certain percentage are not of interest in a
particular application.

Factors that affect the final strength of the received EM
radiation include the available power of the EM source 214,
losses in the interference filter 210, tubing 206, 208, the
strength of the extinction response of the component of inter-
est at the selected wavelength, and the optical path length
across the sample channel 114. The material of the window
202, 204 should further be a material that withstands the
thermal and chemical environment of the conduit 114, and
further that can suitably conduct heat to allow a cleaning
event (e.g. reference FIGS. 3 and 9, and related descriptions)
and withstand the cleaning temperature of the cleaning event.
The selection of a specific window material is dependent
upon the application and is a mechanical step for one of skill
in the art based upon the disclosures herein. In certain
embodiments, the first window 202 and the second window
204 comprise a material selected from the group consisting of
sapphire, glass, and diamond. In one example, the component
of interest is carbon dioxide, the engine related fluid includes
combustion exhaust gases, the wavelength of interest is about
4.26), the sample channel 114 has an optical path length of
about 35 mm, and the window 202, 204 material is sapphire.

In certain embodiments, the first window 202 and the sec-
ond window 204 are the same physical window, for example
where the first metal tube 206 and the second metal tube 208
are the same physical tube. In certain embodiments, the
device 112 includes a reflective device (e.g. a mirror, not
shown) opposing the first window 202, for example where the
first metal tube 206 and the second metal tube 208 are the
same physical tube.

In certain embodiments, the system further includes a kit
(e.g. as a portion of the device 112) having the first metal tube
206, the second metal tube 208, the first window 202, the
second window 204, and at least a portion of the sample
channel 114. In certain embodiments, the kit further includes
means for quick removal and replacement. For example, the
kit may include wing nuts, levered clamps, seals, and/or other
quick disconnect devices to allow ready removal of the kit and
installation of a replacement kit. In certain embodiments,
means for quick removal and replacement further includes
positioning of the device 112 within a system at a location
where access is readily available—for example positioning
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the device where the starter, turbocharger 110, fan, or other
components in the application are not blocking access to the
kit.

FIG. 3 is a schematic diagram of a controller 118 structured
to determine a concentration of a component of interest. In
certain embodiments, the controller 118 is structured to deter-
mine a composition indicator signal 310 in response to a
strength of the remainder radiation and determine a concen-
tration of a component of interest 346 according to the com-
position indicator signal 310. For example, an EM detector
212 receives the EM remainder radiation, the controller 118
determines the composition indicator signal 310 based on the
strength of the remainder radiation, and determines the con-
centration of a component of interest 346 according to the
composition indicator signal 310.

In certain embodiments, a controller 118 includes an elec-
tromagnetic (EM) source control module 302 structured to
provide an EM pulse signal 340. In certain embodiments, the
EM source 214 emits EM radiation through the first metal
tube 206 and the sample channel 114 in response to the EM
pulse signal 340. In certain embodiments, the EM detector
212 receives the EM radiation from the sample channel 114
through a second metal tube 208, and provides a composition
indicator signal 310 in response to a remaining radiation
strength at the wavelength of interest. In certain embodi-
ments, the controller 118 includes a composition determina-
tion module 304 that determines a concentration of a compo-
nent of interest 346 according to the composition indicator
signal 310. For example, in certain embodiments, the com-
position indicator signal 310 may be an extinction value at the
wavelength of interest, and the composition determination
module 304 may utilize a lookup table that determines the
concentration of a component of interest 346 as a function of
the extinction value. The lookup table is calibrated according
to the system 100 that the device 112 is installed in.

In certain embodiments, the EM source control module
302 provides an EM diagnostic signal 342, and the EM source
214 emits an EM diagnostic radiation in response to the EM
diagnostic signal. The EM diagnostic radiation includes
energy at a diagnostic wavelength, and the EM detector 212
provides a received diagnostic signal 312 in response to a
remaining EM diagnostic radiation strength at the diagnostic
wavelength. The diagnostic wavelength is a wavelength
selected such that no expected components of the engine
related fluid significantly absorb the diagnostic wavelength,
except for “grey” or “black” components (e.g. components
that absorb all wavelengths roughly equivalently). In many
circumstances, soot in the engine related fluid and debris
deposited on the windows 202, 204 can be treated as grey
matter with sufficient accuracy for many purposes.

In certain embodiments, the controller 118 further includes
a diagnostic module 306 that determines an amount of soot
348 in response to the received diagnostic signal 312. In
certain embodiments, the amount of soot 348 is determined
by attributing an entire diagnostic signal 312 strength loss,
relative to a baseline diagnostic signal 312 strength, to
absorption by soot in the engine related fluid. In certain
embodiments, the diagnostic module 306 determines an
amount of debris 350 deposited on the windows (202, 204),
determines a diagnostic signal 312 strength loss attributable
to the amount of debris 350, and determines a remainder of
the diagnostic signal 312 strength loss as attributable to the
amount of soot 348.

In certain embodiments, the composition determination
module 304 determines the concentration of the component
of interest 346 according a corrected composition indicator
signal 316. In certain embodiments, the composition deter-
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mination module 304 determines the corrected composition
indicator signal 316 according to the equation:

Active — Dark
Inactive — Dark

Equation 1
CCIS = Fa )

In the example Equation 1, CCIS is the corrected compo-
sition indicator signal 316, Active is the composition indica-
tor signal 310, Inactive is the received diagnostic signal 312,
and Dark is a detected response at a time when the EM source
214 is not emitting EM radiation. For example, if the compo-
sition indicator signal 310 shows 70% (i.e. 30% absorption of
the wavelength of interest), the received diagnostic signal 312
shows 90%, and the baseline response with the EM source
214 turned off is 2%, the composition indicator signal 310 is
a value based on 70% while the corrected composition indi-
cator signal 316 is a value based on ((70-2)/(90-2)) is 77%,
or a little stronger than the directly indicated composition
indicator signal 310 due to suppression of the signal by an
amount of soot 348 and/or an amount of debris 350.

In certain embodiments, the diagnostic module 306 deter-
mines the amount of soot 348 by filtering the received diag-
nostic signal 312 with a time constant less than 30 seconds to
provide an Inactive fast response signal 318, filtering the
received diagnostic signal 312 with a time constant greater
than 30 seconds to provide an Inactive slow response signal
320, and determining the amount of soot 348 according to the
Inactive slow response signal 320 subtracted from the Inac-
tive fast response signal 318. The 30-second value is exem-
plary only. The Inactive fast response signal 318 is an indica-
tor oftotal grey matter in the conduit 114 (i.e. soot plus debris)
and the inactive slow response signal 320 is an indicator of
long term grey matter in the conduit 114 (i.e. debris only). In
certain embodiments, the inactive slow response 320 utilizes
a relatively slow rising time constant and a relatively fast
falling time constant, to bias the inactive slow response 320 to
a lower value in the observed range of inactive values (i.e. of
received diagnostic signal 312 values). In certain embodi-
ments, diagnostic module determines an amount of debris
350 accumulated on the window(s) 202, 204 according to a
lowest Inactive value 322 observed over time. For example,
the diagnostic module 306 may track received diagnostic
values 312, and reset the inactive lowest value 322 to the
lowest observed value over a recent period—for example a
lowest value observed in the last five minutes, or a lowest
value observed during the most recent engine motoring event
(i.e. when the engine was last not combusting any fuel).

In certain embodiments, the controller 118 further includes
awindow cleaning module 308 that provides a window clean-
ing index value 326 in response to the amount of debris 350
accumulated. In certain embodiments, the window cleaning
module 308 is further structured to provide a window clean-
ing request signal 344 in response to the window cleaning
index value 326 exceeding a cleaning threshold value 328. In
certain embodiments, the system 100 includes a window
cleaning means that cleans the window(s) in response to the
window cleaning request signal 344.

In certain embodiments, the diagnostic module 306 deter-
mines a fault value 330, an engine wear index 332, a fuel
quality index 334, an engine coolant quality index 336, and/or
an engine oil quality index 338 in response to the concentra-
tion of the component of interest 346. In certain embodi-
ments, the fault value 330 is an indication whether an engine
102 parameter is out of tolerance according to the concentra-
tion(s) of the component(s) of interest 346. In certain embodi-
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ments, the indices 332, 334, 336, 338 provide a value corre-
lated to the underlying engine parameter—i.e. engine wear,
fuel quality, engine coolant quality, and/or engine oil qual-
ity—according to the concentration(s) of the component(s) of
interest 346.

FIG. 4 is an illustration 400 of a constituent wavelength
response. The illustration 400 includes a response value 412
versus a wavelength (or possibly frequency) value 414 for a
component of interest. The constituent wavelength response
illustrated in F1G. 4 is consistent with a simplified illustration
for carbon dioxide, showing a first responsive wavelength 408
and a second, stronger, responsive wavelength 410. Depend-
ing upon the parameters of the system 100 (refer to the section
referencing FIG. 2), a wavelength of interest for the EM
radiation from the EM source 214 may be selected at either
responsive wavelength 402, 404. In certain embodiments, the
sample channel 114 may be too long, or the constituent con-
centrations expected may be too high, such that instead of
using the stronger response wavelength 410, the weaker
response wavelength 408 may be selected.

In certain embodiments, the wavelength of interest may be
selected as one of the responsive wavelengths, for example
selecting wavelength 402 and/or 404. In certain embodi-
ments, the wavelength of interest may be selected as a wave-
length near one of the responsive wavelengths, for example
selecting wavelength 406. In certain embodiments, the wave-
length of interest such that an extinction of the wavelength of
interest is about 50% of an extinction of the responsive wave-
length near the wavelength of interest (e.g. about what the
wavelength of interest 406 indicates in FIG. 4). The extinction
of the responsive wavelength may be measured as a peak
value (e.g. a discrete value right on the responsive wavelength
408), or as an area under (or above) a range of wavelength
values, such as a range of values allowed through the band-
pass filter 210.

The selection of an off-nominal wavelength such as the
wavelength of interest 406 allows for longer sample channel
114 lengths, detection at higher constituent concentrations,
and similar adjustments. The wavelength of interest may be
variable or multiple in certain embodiments, for example
providing higher extinction rates at lower constituent concen-
trations and lower extinction rates at higher constituent con-
centrations, or providing higher and lower extinction rates at
all times and utilizing both extinction rates in calculating a
composition indicator signal 310. In certain embodiments,
the responsive wavelength includes a fundamental wave-
length and/or a harmonic wavelength.

The schematic flow diagrams (FIGS. 5-9) and related
descriptions which follow provide illustrative embodiments
of operations related to the present application. Operations
shown are understood to be illustrative only, and operations
may be combined or divided, and added or removed, as well
as re-ordered in whole or part, unless stated explicitly to the
contrary herein.

FIG. 5 is a schematic flow diagram of a procedure 500 for
determining a concentration of a component of interest. In
certain embodiments, the procedure 500 includes an opera-
tion 502 to isolate the first metal tube from the sample channel
with a first window and isolating the second metal tube from
the sample channel with a second window. In certain embodi-
ments, the procedure 500 further includes an operation 504 to
select a wavelength of interest, and an operation 506 to select
a diagnostic wavelength.

The procedure 500 includes an operation 508 to flow an
engine related fluid through a sample channel, and an opera-
tion 510 to emit an electromagnetic (EM) radiation compris-
ing energy at a wavelength of interest through a first metal
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tube. The procedure 500 further includes an operation 512 to
pass the EM radiation through a bandpass filter. The proce-
dure 500 further includes an operation 514 to pass the EM
radiation through the sample channel and an operation 516 to
receive the radiation at an EM detector through a second
metal tube. The procedure 500 further includes an operation
518 to determine a composition indicator signal in response
to a remaining radiation strength at the wavelength of interest.

In certain embodiments, the procedure 500 includes an
operation 520 to emit an EM diagnostic radiation comprising
energy at a diagnostic wavelength, and an operation 522 to
receive the remaining diagnostic radiation strength at the
diagnostic wavelength at an AM detector. In certain embodi-
ments, the procedure 500 further includes an operation 524 to
determine a diagnostic signal in response to the remaining
diagnostic radiation strength at the diagnostic wavelength. In
certain embodiments, the procedure 500 further includes an
operation 526 to determine a corrected composition indicator
signal. The procedure further includes an operation 528 to
determine a concentration of a component of interest accord-
ing to the composition indicator signal by utilizing the cor-
rected composition indicator signal. In certain embodiments,
the procedure 500 further includes an operation 530 to check
for whether concentrations should be determined for further
components. In response to a determination that concentra-
tions should be determined for further components, the pro-
cedure 500 includes operations 510-528 to emit EM radiation
at a second (or third, fourth . . . etc.) wavelength of interest,
and to determine a concentration of a second component of
interest in response to the EM radiation at the second wave-
length of interest.

FIG. 6 is a schematic flow diagram of a procedure 600 for
designing an apparatus for determining a concentration of a
component of interest. The procedure 600 includes an opera-
tion 602 to determine a path length across a sample channel,
and an operation 604 to determine extinction rates corre-
sponding to responsive wavelengths for a component of inter-
est at a design range of concentration. The procedure 600
further includes an operation 606 to select a frequency of
interest according to the extinction rates corresponding to the
responsive frequencies for the component of interest at the
design range of concentrations of the component of interest.
In certain embodiments, the procedure 600 includes an opera-
tion 500 to determine a concentration of a component of
interest, for example utilizing one or more operations from
the procedure 500.

FIG. 7 is a schematic flow diagram of a procedure 700 for
replacing an apparatus for determining a concentration of a
component of interest. In certain embodiments, the procedure
700 includes an operation 702 to provide a replacement kit
comprising the first metal tube, the second metal tube, the first
window, and the second window, and operations 704 includ-
ing removing a previously installed kit from an engine. The
procedure 700 further includes an operation 706 to install the
replacement kit on the engine. In certain embodiments, the
procedure 700 includes an operation 500 to determine a con-
centration of a component of interest, for example utilizing
one or more operations from the procedure 500.

FIG. 8 is a schematic flow diagram of a procedure 800 for
determining a plurality of fluid indices. In certain embodi-
ments, the procedure 800 includes an operation 500 to deter-
mine a concentration of a component of interest, for example
utilizing one or more operations from the procedure 500. In
certain embodiments, the procedure 800 further includes an
operation 802 to determine whether a debris determination
method includes an inactive slow response or an inactive low
amount. In response to the procedure 800 including the inac-

30

40

45

14

tive slow response, the procedure 800 includes an operation
804 to determine an inactive slow response, and an operation
808 to determine a debris amount in response to the inactive
slow response. In response to the procedure 800 including an
inactive low amount, the procedure 800 includes an operation
806 to determine an inactive low amount, and an operation
808 to determine a debris amount in response to the inactive
low amount.

In certain embodiments, the procedure 800 includes an
operation 810 to determine a window cleaning index value in
response to the amount of debris accumulated. In certain
embodiments, the procedure 800 further includes an opera-
tion 812 to determine whether the window cleaning index is
greater than a cleaning threshold. In certain embodiments, the
procedure 800 includes an operation 814 to perform a win-
dow cleaning event in response to determining the window
cleaning index value exceeds a cleaning threshold value. In
certain embodiments, the procedure includes an operation
816 to determine a fault value in response to the received
diagnostic signal. In certain embodiments, the procedure 800
includes an operation 818 to determine an engine wear index
818, an operation 820 to determine a fuel quality index, an
operation 822 to determine an engine coolant quality index,
and/or an operation 824 to determine an engine oil quality
index in response to the concentration(s) of the component(s)
of interest.

FIG. 9A is a schematic diagram of an apparatus for clean-
ing an optical element. The apparatus 900 includes the optical
element 202 and a means for cleaning the optical element. In
certain embodiments, the apparatus 900 includes a wire 902
with a high thermal expansion coefficient, and the wire is
positioned to sweep the optical element 202 upon a tempera-
ture increase event. In certain embodiments, the wire 902 may
be a resistive wire that heats when a supply voltage 904 is
applied, sweeping the wire 902 across the optical element
202.

FIG. 9B is a schematic diagram of an apparatus for clean-
ing on optical element. The apparatus 901 includes the optical
element 202, which may be a sapphire cylinder. In certain
embodiments, and a tube 206. In certain embodiments, a
ceramic filler 908 or other heat resistant material provides a
seal between the optical element 202 and the conduit 114. The
apparatus 901 includes a means for cleaning the optical ele-
ment 202 including a resistive wire 905 wrapped around a
portion of the optical element 202, such that when the resis-
tive wire 905 is heated the face of the optical element 202
exposed to the conduit 114 (i.e. the “window™) is heated
sufficiently to drive debris (through oxidation, evaporation, or
other means) from the face of the optical element 202. A
supply voltage 904 may be applied to the resistive wire 905 at
times where a cleaning event is performed.

FIG. 9C is a schematic diagram of an apparatus 903 for
cleaning an optical element. The apparatus 903 includes a
resistive wire 910 in thermal contact with a mirror 912 posi-
tioned opposite an optical element 202. The resistive wire 910
heats the mirror 912 sufficiently to drive debris (through
oxidation, evaporation, or other means) from the face of the
mirror 912. A supply voltage 904 may be applied to the
resistive wire 910 at times where a cleaning event is per-
formed.

As is evident from the Figures and text presented above, a
variety of embodiments according to the present invention are
contemplated. Certain exemplary embodiments of methods
and apparatus for diagnosing an aftertreatment component,
for adjusting an engine operating parameter in response to a
component performance description of an aftertreatment
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component, and for modifying a model stored on a computer
readable medium are described. All embodiments are exem-
plary and non-limiting.

An exemplary method includes providing an exhaust
stream for an internal combustion engine, the exhaust stream
fluidly coupled to an aftertreatment component, optically
determining an amount of an exhaust gas constituent in the
exhaust stream, and diagnosing an aftertreatment component
in response to the amount of the exhaust gas constituent. In
one embodiment, the exhaust gas constituent includes NO,,
and diagnosing the aftertreatment component includes deter-
mining a catalyst effectiveness. The catalyst effectiveness
may be a catalyst adsorption effectiveness and/or a catalyst
conversion effectiveness.

In certain embodiments, the exhaust gas constituent is soot.
The exemplary method further includes diagnosing the after-
treatment component by determining that a soot filter has
failed, and/or by determining a size of the soot. The method
further includes determining a source of the soot in response
to the size of the soot.

In an exemplary embodiment, the exhaust gas constituent
includes NO (nitrogen-oxide), the method includes determin-
ing an amount of NO,, and diagnosing the aftertreatment
component includes determining a catalyst NO to NO, con-
version effectiveness. In another exemplary embodiment, the
exhaust gas constituent includes urea, and diagnosing the
aftertreatment component includes determining a urea injec-
tor compliance and/or diagnosing an injected urea composi-
tion.

In certain embodiments, the exhaust gas constituent is
urea, and the method further includes determining the exhaust
gas constituent at a plurality of spatially divided portions of
the exhaust stream. Diagnosing the aftertreatment component
further includes diagnosing a urea accumulation condition,
urea mal-distribution condition, a urea injector failure condi-
tion, and/or a urea hydrolysis failure condition. In certain
embodiments, the method includes diagnosing the aftertreat-
ment component by diagnosing a composition sensor.

Another exemplary embodiment is an apparatus including
an optical sensor structured to determine an amount of an
exhaust gas constituent in an exhaust stream of an internal
combustion engine, a performance analysis module that
determines a component performance description in response
to the amount of the exhaust gas constituent, and a perfor-
mance feedback module that adjusts an engine operating
parameter in response to the component performance
description. The apparatus includes the component perfor-
mance description as a functional performance description of
a physical component. The physical component includes a
NO, adsorption catalyst, a NO, conversion catalyst, an
NO—NO, conversion catalyst, an oxidation catalyst, a soot
filter, and/or a reductant injector. In certain embodiments, the
functional performance description includes a catalyst con-
version efficiency value, a catalyst storage capacity value, a
filter integrity value, and/or an injection compliance value.

In certain embodiments, the component performance
description includes a functional performance description of
a model, and the performance feedback module further
adjusts an engine operating parameter by modifying the
model. The model includes an engine-out soot model, an
engine-out NOx model, an engine-out NOx composition
model, a NOx adsorption model, a NOx release model, a NOx
conversion model, a hydrocarbon oxidation model, an ammo-
nia slip model, an unburned hydrocarbon slip model, and/or a
urea hydrolysis model. The exhaust gas constituent includes
an amount of ammonia and an amount of NO,, where the
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component performance description includes an ammonia:
NOx ratio, and the engine operating parameter includes a urea
injection rate.

Another exemplary embodiment is a method including
providing an exhaust stream for an internal combustion
engine, the exhaust stream fluidly coupled to an aftertreat-
ment component, optically determining an amount of an
exhaust gas constituent in the exhaust stream, and modifying
amodel stored on a computer readable medium in response to
the amount of the exhaust gas constituent. The modifying the
model includes calibrating a modeling parameter, resetting a
modeling parameter, and/or resetting an integrator. In an
exemplary embodiment, the exhaust gas constituent includes
soot, and modifying the model includes calibrating an engine
soot generation model.

In certain embodiments, the exhaust gas constituent
includes NO,, and modifying the model includes calibrating
an engine NO, generation model, modifying a catalyst NO,
storage model, modifying a catalyst NO, conversion model,
and modifying a catalyst NO to NO, conversion model. In
certain embodiments, the exhaust gas constituent includes
urea, and the method further includes determining the exhaust
gas constituent at a number of spatially divided portions of the
exhaust stream. Modifying the model further includes modi-
fying a urea hydrolysis model.

While the invention has been illustrated and described in
detail in the drawings and foregoing description, the same is
to be considered as illustrative and not restrictive in character,
it being understood that only certain illustrative embodiments
have been shown and described and that all changes and
modifications that come within the spirit of the inventions are
desired to be protected. It should be understood that any
relative characterization of embodiments such as but not lim-
ited to preferable, preferably, preferred, more preferred,
advantageous, or exemplary utilized in the description above
indicate that the embodiments or features thereof so
described may be more desirable or characteristic, nonethe-
less the embodiments or features thereof may not be neces-
sary and embodiments lacking the same may be contemplated
as within the scope of the invention, the scope being defined
by the claims that follow. In reading the claims, it is intended
that when words such as an,” “at least one,” or “at least
one portion” are used there is no intention to limit the claim to
only one item unless specifically stated to the contrary in the
claim. When the language “at least a portion” and/or “a por-
tion” is used the item can include a portion and/or the entire
item unless specifically stated to the contrary.

Gy 9
a

What is claimed is:
1. A method comprising:
providing an exhaust stream for an internal combustion
engine, the exhaust stream fluidly coupled to an after-
treatment component;
optically determining an amount of exhaust gas constitu-
ents in the exhaust stream during the operation of the
internal combustion engine, the exhaust gas constituents
comprising urea, NO, NO, and soot;
diagnosing the aftertreatment component in response to the
amount of the exhaust gas constituents; and
wherein diagnosing the aftertreatment component com-
prises:
determining that a soot filter has failed in response to the
optically determined amount of soot; and
determining a catalyst NO to NO, conversion effective-
ness of an oxidation catalyst in response to the opti-
cally determined amount of NO and NO,.
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2. The method of claim 1, wherein the exhaust gas con-
stituents further comprise NO,, and wherein diagnosing the
aftertreatment component comprises determining a catalyst
effectiveness.
3. The method of claim 1, wherein diagnosing the after-
treatment component further comprises determining a urea
injector compliance.
4. The method of claim 1, wherein diagnosing the after-
treatment component further comprises diagnosing an
injected urea composition.
5. The method of claim 1, wherein the diagnosing the
aftertreatment component further comprises diagnosing a
composition sensor.
6. The method of claim 1, further comprising determining
a size of the soot.
7. The method of claim 6, wherein diagnosing the after-
treatment component comprises determining that the soot
filter has failed in response to the size of the soot exceeding a
threshold value.
8. The method of claim 1, further comprising determining
the exhaust gas constituents at a plurality of spatially divided
portions along the exhaust stream and a plurality of radially
divided portions around the exhaust stream.
9. The method of claim 8, wherein diagnosing the after-
treatment component comprises diagnosing at least one con-
dition selected from the conditions consisting of: urea accu-
mulation, urea mal-distribution, a urea injector failure, and a
urea hydrolysis failure.
10. An apparatus, comprising:
a number of optical sensors structured to determine an
amount of an exhaust gas constituent in an exhaust
stream of an internal combustion engine during the
operation of the internal combustion engine, wherein the
number of optical sensors are spatially distributed along
the exhaust stream to detect the amount of the exhaust
gas constituent along the exhaust stream, the exhaust gas
constituent comprising an amount of urea; and
a controller including a computer processor and a com-
puter readable memory including computer readable
code, wherein when the computer readable code is
executed by the computer processor it causes the con-
troller to:
determine an aftertreatment component diagnosis in
response to the amount of urea along the exhaust
stream; and

modify a urea hydrolysis model to adjust an engine
operating parameter in response to the aftertreatment
component diagnosis,
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wherein the aftertreatment component diagnosis com-
prises at least one of a urea accumulation condition, a
urea mal-distribution condition, a urea injector failure
condition, and a urea hydrolysis failure condition.

11. The apparatus of claim 10, wherein the controller is
further structured to diagnose an injected urea composition in
response to the exhaust gas constituent.

12. The apparatus of claim 10, wherein the number of
optical sensors are further positioned to sense radially divided
portions of the exhaust stream.

13. The apparatus of claim 12, wherein the number of
optical sensors includes at least three optical sensors radially
distributed about the exhaust stream.

14. An apparatus, comprising:

an optical sensor structured to determine an amount of an

exhaust gas constituent in an exhaust stream of an inter-
nal combustion engine during the operation of the inter-
nal combustion engine, the exhaust gas constituent com-
prising an amount of ammonia and an amount of NO,;
and

a controller including a computer processor and a com-

puter readable memory including computer readable

code, wherein when the computer readable code is

executed by the computer processor it causes the con-

troller to:

determine a component performance description in
response to the amount of the exhaust gas constituent
determined by the optical sensor, wherein the compo-
nent performance description includes an ammonia:
NO, ratio; and

modify at least one of a catalyst NO, storage model and
a catalyst NO_ conversion model of a NO, conversion
catalyst in response to an actual NOx storage rate
based on the amount of NO, determined by the optical
sensor and the ammonia:NO, ratio to adjust an engine
operating parameter in response to the component
performance description,

and wherein the engine operating parameter comprises a

urea injection rate.

15. The apparatus of claim 14, wherein the optical sensor
includes a number of optical sensors radially distributed
around the exhaust stream to sense radially divided portions
of the exhaust stream and axially distributed along the
exhaust stream to sense axially divided portions of the
exhaust stream.



